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Nonocclusive intestinal ischemia in patients with
acute aortic dissection
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Background: In aortic dissection, visceral complications that result from aortic branch compromise have been described
extensively, whereas intestinal ischemia not associated with the false lumen anatomy has rarely been discussed. The aim
of this report is to identify clinical factors that may contribute to the development of this form of acute mesenteric
ischemia, to profile the patients at greatest risk, and to review diagnostic and treatment methods that emerged from our
experience.
Methods: With a computerized database, we identified 371 patients who underwent treatment in our institution with a
diagnosis of aortic dissection between July 15, 1985, and January 10, 2001. Mesenteric ischemia was present in 73
patients (19%). In 36 patients (9%), bowel ischemia was not associated with a false lumen anatomy or an extension of the
dissection process. From a general analysis of the determinants of mesenteric ischemia in aortic dissection, we
investigated, with univariate and multivariate analysis, the specific characteristics of these patients with nonocclusive
ischemia. A retrospective analysis of the oxygen metabolic profile of patients who underwent operation also was
performed.
Results: The mortality rate in patients with nonocclusive mesenteric ischemia was 86%; sepsis and multiple organ failure were
the causes of death in all nonsurvivors. Surgical treatment was beneficial only in the early phases of the disease. The results of
the multivariate analysis showed the multifactorial origin of nonocclusive mesenteric ischemia; cerebral ischemia, thrombosis
of the false lumen, severe coagulation disorders, chronic obstructive pulmonary disease, aortic calcinosis, prolonged hypoten-
sion, chronic renal insufficiency, and low cardiac output were independent predictors of the condition. In patients who
underwent operation, the significant risk factors were severe coagulation disorders, postoperative cerebral ischemia, maximal
oxygen extraction rate of more than 0.40, aortic calcinosis, chronic obstructive pulmonary disease, thrombosis of the false
lumen, inotropic support, and chronic renal insufficiency. An oxygen extraction rate of more than 0.4 at 6 hours after
operation was found to be an index of intestinal damage sufficient to initiate an evaluation for visceral ischemia. Significant
differences with occlusive ischemia also were evidenced with this study.
Conclusion: In aortic dissection, nonocclusive mesenteric ischemia shows some unique clinical and individual predisposing
factors. Most instrumental investigations are of poor diagnostic value, and prognosis is poor, especially when mesenteric
gangrene had already taken place. Prevention can be exercised only with a heightening of our awareness of this condition
and with timely correction of metabolic disturbances. In suspected cases, an aggressive surgical attitude may represent the
only means for reducing mortality. (J Vasc Surg 2002;36:738-45.)
Ischemic complications that result from aortic dissec-
tion are a challenging and controversial problem, and the
appropriate management has yet to be defined. Renal,
visceral, and lower extremity ischemia has been reported in
as many as 30% to 50% of patients with acute dissection of
the proximal or distal aorta.1
In some patients, in whom signs of intestinal ischemia
develop after central repair or during medical treatment,
organ failure is not related to the false lumen anatomy or
extension of the dissection process. This aspect of mesen-
teric ischemia, called nonocclusive mesenteric ischemia
(NOI), first described by Ende in 1958,2 is often seen in
critically ill patients3,4 and in association with major sur-
gery.5,6 This condition has been postulated to result from a
state of decreased splanchnic circulation.7 In acute aortic
dissection, its frequency has never been specifically evalu-
ated, thus indicating that it is probably underestimated or
misinterpreted and that its high mortality rate reflects the
difficulties of diagnosis and treatment.
Our retrospective study was conducted to identify clin-
ical factors that may contribute to the development of
nonocclusive ischemia, to profile patients at greatest risk,
and to review the diagnostic and treatment methods that
emerged from our findings. In this perspective, a more
general analysis of the determinants of intestinal ischemia in
patients with aortic dissection also was performed.
MATERIALS AND METHODS
With a computerized database, we identified 371 pa-
tients who underwent treatment in our institution with a
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diagnosis of aortic dissection between July 15, 1985, and
January 10, 2001. This group included 224 patients with
Stanford type A acute dissection and 147 patients with
Stanford type B acute dissection. Emergency repair was
performed in all patients with type A aortic dissection and in
32 patients with type B aortic dissection (Table I).
The medical records of 36 patients with bowel ischemia
not sustained by the false lumen anatomy or by the exten-
sion of the dissection process form the database that was
analyzed. All available clinical, laboratory, diagnostic, op-
erative, and pathology reports and the hospital course of
each patient were reviewed; a number of clinical variables
that were believed to have an impact on the onset of the
condition were obtained (Appendices 1 and 2, online
only). Data sets were analyzed with the goal to determine
the risk factors correlated to the development of intestinal
ischemia in patients with aortic dissection and in particular
to identify the determinants of mesenteric ischemia not
sustained by aortic branch compromise (NOI). Moreover,
to highlight relevant differences in presentation, diagnosis,
and outcome, we compared the clinical characteristics of
the occlusive group (OI) with the nonocclusive group
(NOI) (Table II).
A more general logistic regression model, with the
response variable being the occurrence of acute mesenteric
ischemia, was first applied to assess the risk factors of acute
intestinal ischemia (occlusive and nonocclusive) in patients
with acute aortic dissection. Subsequently, separate logistic
regression models, with the response variable being the
occurrence of NOI, were performed respectively for the
entire cohort of patients and for the surgically treated
subgroup.
For selection of a parsimonious number of variables for
the logistic models, the differences for each of the clinical
variables were separately tested, with Fisher exact test (cat-
egoric data) or Student t test (continuous variables) as
appropriate. Clinical variables, which differed between
groups in univariate comparisons (P  .05), were entered
into multivariate analysis (backward elimination logistic
regression). Because of the relatively small number of cases
with intestinal ischemia, to overcome problems of statistical
power, exact logistic regression methods, implemented in
the LogXact statistical package (Cytel Software Corpora-
tion, Cambridge, Mass), were used.
A retrospective analysis of the oxygen metabolic profile
of patients who underwent operation also was performed.
Data were retrieved from a patient data management sys-
tem (Hewlett Packard, Cuppertino, Calif) that acquired
and stored, during the intraoperative and postoperative
course, hemodynamic, ventilatory, and blood gas analyzer
data.8 This analysis was restricted to the postoperative
period, in a time interval between intensive care unit (ICU)
admission and ICU day 1. Data were retrieved at 1, 6, 12,
and 24 hours after admission to the ICU. Data for oxygen
delivery (DO2), oxygen consumption (VO2), and oxygen
extraction rate (O2ER) were obtained for patients both
with NOI and without NOI (no NOI). Cardiac output
data, measured with a thermodiluition technique or calcu-
lated with modified CO2 Fick’s method,
9 also were re-
trieved; DO2, VO2, and O2ER were calculated according
to standard formulas10 and indexed to body surface area. A
Student t test was used to find significant differences in
O2ER between the NOI and no-NOI groups at the differ-
ent timepoints. In the presence of significant differences,
the correlation amongst VO2 (index) and DO2 (index) was
assessed with calculation of Pearson correlation coefficient
for each group. SPSS application software version 10.0
(SPSS Inc, Chicago, Ill) was used for statistical analysis. A
critical cut-off value of O2ER (O2ER 0.40) was selected
with a modified receiver operating characteristic curve anal-
ysis (two-graph receiver operating characteristic).11 The
same procedures were used to analyze the differences in the
oxygen metabolic profiles of patients with NOI and with
OI.
RESULTS
Descriptive analysis
Patients. Mesenteric ischemia was present in 73 pa-
tients (19%). The pathologic diagnosis of mesenteric isch-
Table I. Clinical characteristics of patients with acute aortic dissection treated in the period of the study
Stanford type B
(n  147)
Stanford type A
(n  224)
All
(n  371)
Age (y; mean  standard deviation; range) 67.2  11.4 (39-89) 58.4  12.6 (34-91) 61.9  12.8 (34-91)
Female gender 61 (41%) 82 (36%) 143 (38%)
Distal level of dissection
Thoracic 67 (45%) 124 (55%) 191 (51%)
Abdominal aorta 80 (55%) 100 (44%) 180 (48%)
Medical treatment 115 (78%) 0 115 (31%)
Central repair 32 (22%) 224 (100%) 256 (69%)
Malperfusion* 41 (27%) 64 (28%) 105 (28%)
Fenestration 7 (5%) 5 (2%) 12 (3%)
Peripheral bypass 30 (20%) 2 (1%) 32 (8%)
Visceral ischemia 29 (19%) 44 (19%) 73 (19%)
Nonocclusive intestinal ischemia 12 (8%) 24 (10%) 36 (9%)
*Renal, mesenteric, or peripheral.
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emia was obtained with either a surgical or a necropsy
specimen. In 37 patients (10%), visceral ischemia was at-
tributable to aortic branch compromise (occlusive intesti-
nal ischemia), as confirmed with angiography, contrast
abdominal computed tomographic (CT) scan, or post mor-
tem examination, whereas in 36 patients (9%), bowel isch-
emia was not associated with a false lumen anatomy or an
extension of the dissection process (nonocclusive intestinal
ischemia). Table II shows the clinical characteristics of
patients with occlusive and nonocclusive ischemia, and
Table III shows the status of mesenteric circulation relative
to the clinical manifestations of acute visceral ischemia. The
nonocclusive group (NOI) included 26 patients with inti-
mal flap extension limited to the thoracic aorta and another
10 patients who, despite the presence of an intimal flap
extending to the abdominal aorta, did not have visceral
arterial malperfusion. In all of these patients, both celiac
and superior mesenteric arteries arose from the true lumen
Table II. Clinical presentation and management of occlusive and nonocclusive intestinal ischemia
NOI (n  36)* OI (n  37)* P value
Male gender 18 (50.0%) 26 (70.6%) .4
Age (y) 61.3  11.5 63.5  14.3 .1
Smoking 16 (44.4%) 21 (56.7%) .7
COPD 27 (75.0%) 22 (59.4%) .6
Diabetes 9 (32.1%) 11 (29.7%) .9
Peripheral vascular disease 9 (32.1%) 4 (10.8%) .3
Aortic calcinosis 15 (53.6%) 12 (32.4%) .7
Abdominal aneurysm 0 0 –
Chronic renal insufficiency 13 (46.4%) 6 (16.2%) .2
Chronic dialysis 6 (21.4%) 3 (8.1%) .5
Angina/CAD 11 (39.3%) 9 (24.3%) .8
Atrial fibrillation 2 (7.1%) 7 (18.9%) .2
Cerebral ischemia 17 (60.7%) 12 (32.4%) .5
Coagulation disorders 22 (78.6%) 19 (51.3%) .4
Inotropic support‡ 24 (85.7%) 16 (43.2%) .3
Cardiac tamponade‡ 20 (55.6%) 9 (24.3%) .1
Chronic intestinal ischemia 0 7 (19.8%) .04
Pseudocoartaction 0 2 (5.4%) .5
Thrombosis false lumen 12 (42.9%) 7 (19.8%) .4
Peripheral malperfusion 0 9 (24.3%) .01
Renal malperfusion 0 6 (16.2%) .05
Stanford type A 24 (66.6%) 20 (54.0%) .7
Distal level of dissection
Thoracic 18 (50%) 0 .001
Distal aorta 6 (16.6%) 37 (100%) .001
Stanford type B 12 (33.3%) 17 (45.9%) .6
Distal level of dissection
Thoracic 8 (22.2%) 0 .01
Distal aorta 4 (11.1%) 17 (45.9%) .02
Status of visceral arteries
Dissection/malperfusion 0 28 (75.6%) –
Dissection  thrombosis 0 9 (24.3%) –
Treatment
Medical treatment 8 (22.2%) 10 (27.0%) .9
Central repair 28 (77.7%) 27 (72.9%) .9
Central repair  vascular procedure 0 12 (32.4%) –
No vascular procedure 0 15 (40.5%)† –
Surgical fenestration 0 11 (29.7%) –
Endovascular fenestration 0 1 (2.7%) –
Visceral artery stenting 0 7 (18.9%) –
Visceral artery bypass 0 4 (10.8%) –
Outcome
In-hospital mortality 31 (86.1%) 22 (59.4%) .4
Discharged 5 (13.8%) 15 (40.5%) .09
Late mortality 1 (2.7%) 4 (10.8%) .4
Mean follow-up (y; range) 4.2 (1-8) 6.0 (0.5-12) –
*For continuous variables, mean  standard deviation or mean (range).
†Includes one patient of OI group without diagnosis of intestinal infarction.
‡Hemodynamic instability characterized preoperative status in almost all patients of NOI group (cardiac tamponade, n  20; cardiogenic shock, n  4;
hemorrhagic shock, n 4). In OI group, it was present at admission in 19 patients (cardiac tamponade, n 12; myocardial depression from severe metabolic
acidosis, n  7). In NOI group, early postoperative course was characterized by hemodynamic instability (n  24), low cardiac output (n  11), high-dose
vasopressor support (n  24), and bleeding complications (n  15), with persistence of severe degrees of coagulation disorders (n  22).
COPD, Chronic obstructive pulmonary disease; CAD, coronary artery disease.
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and true lumen compression or pseudocoartaction could
not underlie mesenteric malperfusion. At the moment of
the revision process, before a patient with acute intestinal
ischemia could be assigned to the NOI group, the angiog-
raphy findings were compared and implemented with con-
trast abdominal CT scan, abdominal vessels Doppler
sonography, and intraoperative or pathologic observations.
The presenting signs and symptoms of bowel ischemia in
these patients are given in Table IV.
Sepsis and multiple organ failure were the causes of
death in all nonsurvivors. The mean delay from the onset of
acute dissection to death was 17 6 days in the NOI group
and 8  7 days in the OI group (P  .002). In the NOI
group, the five patients who survived were discharged in
good general condition after 32 7 days. One patient died
of pneumonia 3 months after the operation. The remaining
four patients were alive for 1, 3, 5, and 8 years after
dissection (Table II). One patient with a limited colectomy
needed a second operation 6 months later for closure of a
colostomy.
Diagnosis. In the NOI group, most imaging studies,
such as gastric endoscopy, abdominal echography, visceral
arteries duplex ultrasonography, and abdominal radio-
graph, were poorly diagnostic and their influence on clini-
cal decisions was minimal. Angiography was performed in
23 patients and showed perfectly patent visceral circula-
tions, with the exception of three cases, with chronic occlu-
sion of the inferior mesenteric artery. In these cases, au-
topsy confirmed this to be a chronic inferior mesenteric
artery thrombosis, and none of these patients showed hind-
Table III. Status of mesenteric circulation in relation to clinical manifestations of acute visceral ischemia
Status of visceral circulation
Acute visceral ischemia
Yes
73 patients
No
298 patients
All
371 patients
Chronic occlusion
Yes 7 (9.5%) 56 (18.7%) 63 (16.9%)
No 66 (90.4%) 242 (81.2%) 308 (83.1%)
Acute occlusion
Yes 30 (41.1%) 12 (4.0%) 42 (11.3%)
No 43 (58.9%) 286 (95.9%) 329 (88.6%)
All types
Yes 37 (50.8%) 68 (22.8%) 105 (28.3%)
No 36 (49.3%) 230 (77.1%) 272 (73.3%)
Table IV. Signs and symptoms of nonocclusive mesenteric ischemia and mesenteric ischemia sustained by visceral
branch malperfusion
NOI OI
P valueN 70% CL N 70% CL
Signs/symptoms*
Severe abdominal pain 12/36 (33%) 24%-43% 15/37 (40%) 31%-50% .8
Mild to moderate abdominal pain 6/36 (16%) 10%-25% 10/37 (27%) 18%-36% .5
Pain undetectable† 18/36 (50%) 40%-59% 12/37 (32%) 23%-42% .4
Abdominal tenderness 16/36 (44%) 34%-54% 18/37 (48%) 38%-58% .9
Abdominal distension 15/36 (41%) 32%-51% 16/37 (43%) 33%-53% 1
Decreased bowel sounds 13/36 (36%) 27%-46% 8/37 (21%) 14%-30% .4
Gastrointestinal bleeding/melena/occult blood 16/36 (44%) 34%-54% 20/37 (54%) 43%-63% .7
Clostridium difficile 0/11 – 0/3 –
Leucocytosis 32/36 (88%) 80%-94% 32/37 (86%) 78%-92% 1
Fever 29/36 (80%) 71%-87% 21/37 (56%) 47%-66% .4
Persistent acidosis 34/36 (94%) 87%-98% 35/37 (94%) 87%-98% 1
Elevated lactate levels 34/36 (94%) 87%-98% 35/37 (94%) 87%-98% 1
Elevated serum enzymes 18/36 (50%) 40%-59% 21/37 (56%) 47%-66% .9
Deterioration of renal function‡ 28/30 (93%) 84%-97% 34/37 (91%) 84%-98% .7
Hyperkaliemia 16/36 (44%) 34%-54% 21/37 (56%) 47%-66% .6
Persistent coagulation disorders 22/28 (78%) 67%-86% 20/37 (54%) 44%-63% .9
Diagnosis of mesenteric ischemia
Time from central repair (mean time and range; h) 105 58-165 18 1-58 .0001
*Before surgery, none of operated patients of NOI group reported symptoms of abdominal pain, whereas it was present in 67% of patients of occlusive group.
†Patients with sedation, mechanical ventilation, or coma.
‡Six patients of NOI group were undergoing chronic dialysis, and 12 patients of malperfusion group had renal artery dissection.
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gut ischemia. The celiac axis and its distal branches were
patent in all patients. In most angiography studies (21/
23; 91%), both the true and the false lumen were visual-
ized.
The typical angiographic pattern of NOI12 was not
found in any patient. However, variable degrees of im-
paired filling of intramural vessels or peripheral arcades
were found in all cases. Selective intraarterial infusion of
papaverine hydrochloride into the superior mesenteric ar-
tery was not undertaken in any patient. In 10 patients,
patency of the mesenteric circulation was assessed only at
laparotomy, with the presence of a palpable pulse, or at
autopsy, with none of the patients having major vessel
occlusion. Five patients who survived underwent follow-up
angiography that showed no arterial occlusion.
In patients with OI, the diagnosis was greatly facilitated
with the detection of impaired visceral circulation with the
imaging studies (CT scan, angiography, Doppler sonogra-
phy) performed at admission or ay the in-hospital follow-up
examination. The heightened attention to ischemic prob-
lems in these patients enabled a more rapid diagnosis;
nevertheless, in one patient, intestinal ischemia was diag-
nosed only at necropsy.
Laparotomy and abdominal surgical procedures.
All patients with nonocclusive ischemia who underwent
surgical treatment for presumed mesenteric infarction and
gangrenous bowel had the diagnosis confirmed at laparot-
omy; the operative reports in all patients specifically men-
tioned the patency status of the superior mesenteric artery
and the absence of venous thrombosis. The extent of
intestinal resection correlated with mortality rate is summa-
rized in Table V. Explorative laparotomies were performed
in 33 cases, and in three patients, bowel resection was not
undertaken because of the extensive necrosis. Five patients
needed a second-look laparotomy that revealed residual
ischemia in one patient. The comparison between NOI and
occlusive groups (Table V) shows a larger number of ex-
plorative laparotomies and a larger extent of resections in
the occlusive group; the latter are expressions of larger areas
of blood flow impairment, especially in the presence of
thrombosis of the principal branches of the superior mes-
enteric artery. In nine patients of the NOI group, the
indication for laparotomy was decided after placement of a
peritoneal dialysis catheter and peritoneal fluid analysis.
Elevated leukocyte levels in the peritoneal fluid were con-
sidered abnormal. In six patients, the dialysate fluid was
feculent and foul smelling. The aggressive attitude for
explorative laparotomy in patients with occlusion explains
the reduced number of peritoneal lavage procedures in this
group.
Autopsy and pathology findings. Post mortem ex-
amination (31 patients) enabled assessment of the patency
of the visceral vessels and the extension of aortic dissection
and confirmed the diagnosis of nonocclusive ischemia in
those patients (n 13) who did not undergo angiography.
Diagnosis of segmental small bowel necrosis was made in
three patients only at the time of the autopsy.
The most common site of lesion was the jejunum alone
or with the ileum. Nonresected zones, considered ade-
quately viable at surgery, showed variable degrees of necro-
sis. Microscopic study failed to show thrombosis or emboli
in the mesenteric vessels, although in submucosal arte-
rioles, the diffuse presence of intraluminal fibrin thrombi
could be seen.
In patients with occlusive ischemia, pathologic findings
had two different aspects. First, patients with incomplete/
absent restoration of flow, from thrombosis of the visceral
branches (or thrombosis of the false channel extending into
these vessels), showed extensive necrosis of the large and
small bowel with topographic correspondence with oc-
cluded large vessels. And second, patients with malperfu-
sion of the mesenteric circulation, in whom surgical/endo-
vascular restoration of flow was performed, showed
necrotic patches, corresponding to occluded small arte-
rioles, alternated by areas of mucosal ulceration and sub-
mucosal edema. These findings witness the incomplete
restoration of blood flow in some areas and are compatible
with a reperfusion injury of the revascularized bowel seg-
ments.
Table V. Operative procedures
NOI OI
P valueNo.
Mortality
rate 70% CL No.
Mortality
rate 70% CL
Abdominal procedures
Explorative laparotomy 33 28 (84%) 75%-91% 36 21 (58%) 48%-67% .4
Resection unnecessary 0 – – 10 2 (20%) 6%-41% –
No abdominal procedure* 3 3 (100%) – 1 1 (100%) – 1
No resection† 3 3 (100%) – 4 4 (100%) – 1
Limited colectomy 1 0 – 0 – – –
Limited small bowel resection 26 22 (91%) 81%-97% 12 6 (50%) 31%-68% .6
Extensive small bowel resection 3 3 (100%) – 10 9 (90%) 70%-98% 1
Peritoneal fluid analysis 9 6 (66%) 44%-84% 0 – – –
*Intestinal infarction not diagnosed.
†No resection undertaken because of extensive bowel necrosis.
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Statistical analysis
Clinical factors. One hundred twenty clinical vari-
ables (42 preoperative, 43 intraoperative, and 35 postoper-
ative) were screened to determine the risk factors correlated
to the development of acute intestinal ischemia in patients
with acute aortic dissection. Significant variables for the
development of acute intestinal ischemia are listed in Ap-
pendices 1 and 2 (online only); some statistically insignifi-
cant variables that are of particular concern also are listed.
A general multivariable logistic regression model was
first obtained to ascertain the independent predictors of
acute mesenteric ischemia (occlusive  nonocclusive) in
aortic dissection. These were acute visceral arteries dissec-
tion, coagulation disorders, thrombosis of the false lumen,
prolonged hypotension, aortic calcinosis, cerebral isch-
emia, and absence of chronic intestinal ischemia. The odds
ratios (ORs) for these variables, along with their 95% CIs,
are contained in Appendix 1 (online only).
When the model for development of acute mesenteric
ischemia included only the patients who underwent surgi-
cal treatment, the independent predictors were (Appendix
1, online only) acute visceral arteries dissection, coagula-
tion disorders, maximal O2ER more than 0.40, aortic
calcinosis, cardiac tamponade, thrombosis of the false lu-
men, cerebral ischemia, and absence of chronic intestinal
ischemia. A separate analysis of the determinants of the
occlusive form of acute intestinal ischemia indicated as
independent predictors the acute dissection of visceral ar-
teries (OR, 167.2; 95% CI, 40.3 to 692.5), the absence of
chronic intestinal ischemia (OR, 32.59; 95% CI, 16.17 to
40.29), and the thrombosis of the false lumen (OR, 7.02;
95% CI, 5.22 to 9.12).
For determination of the clinical factors influencing the
development of NOI, two multivariable logistic regression
models were obtained, for the entire patient population
and for only patients who underwent operation (Appendix
2, online only). For the entire cohort of patients, stepwise
logistic regression analysis showed that cerebral ischemia,
thrombosis of the false lumen, severe coagulation disor-
ders, chronic obstructive pulmonary disease, aortic calcino-
sis, prolonged hypotension, chronic renal insufficiency, and
low cardiac output were independent predictors of NOI. In
the operated group of patients, stepwise logistic regression
analysis of perioperative variables showed that the signifi-
cant risk factors for NOI were (Appendix 2, online only)
severe coagulation disorders, postoperative cerebral isch-
emia, maximal O2ER more than 0.40, aortic calcinosis,
chronic obstructive pulmonary disease, thrombosis of the
false lumen, inotropic support, and chronic renal insuffi-
ciency. In patients with medical treatment with type B
dissection, a correlation with NOI (univariate analysis) was
found for thrombosis of the false lumen (P  .007), pro-
longed hypotension (P  .008), cerebral ischemia (P 
.046), and chronic renal insufficiency (P  .086).
Metabolic profile. The clinical data presented in Ta-
ble VI indicate that statistically significant differences be-
tween patients with NOI and with no NOI, with regard to
O2ER (P .0001) and DO2I (P .0001), were observed
only at postoperative hour 6. VO2 differed between the
two groups to a less significant extent (P  .045). Individ-
ual data showed that in patients with NOI (Fig), in corre-
spondence to postoperative hour 6, when maximal O2ER
was observed, there was a strong relationship between VO2
and DO2 (VO2  2.97  0.13  DO2; r  0.92; P 
.0001), indicating the dependency of VO2 from DO2. In
this phase, we did not observe VO2/DO2 dependency in
patients without development of NOI (VO2  26.35 
0.05  DO2; r  0.243; P  .127).
From the comparison of oxygen metabolic data of
patients of OI and NOI groups who underwent central
repair, significant differences were observed in correspon-
dence of the four timepoints of the study. In particular, in
the occlusive group, VO2, DO2, and O2ER were signifi-
cantly higher throughout the timepoints (Table VI).
Among the patients of the occlusive group, no statisti-
cally significant differences were seen in VO2 levels be-
tween patients who after central repair had successful reper-
fusion of the visceral circulation (confirmed with
postoperative angiography) and those with persisting malp-
erfusion (hour 1, P  .4; hour 6, P  .2; hour 12, P  .2;
Table VI. Profile of oxygen metabolism
NOI (n  28) No NOI (n  228) OI (n  27) P value* P value†
1 hour O2ER 0.372  0.029 0.363  0.046 0.384  0.036 .158 .04
VO2index (mL  min–1  m–2) 187.5  46.3 201.8  48.7 225.5  27.1 .135 .01
DO2index (mL  min–1  m–2) 328  73.1 352  65.4 377  84.2 .107 .02
6 hour O2ER 0.405  0.037 0.335  0.051 0.425  0.046 .0001 .02
VO2index (mL  min–1  m–2) 190.3  55.1 209.2  53.3 217.5  21.1 .045 .01
DO2index (mL  min–1  m–2) 275  76.4 416  113.2 448  124.3 .0001 .0001
12 hour O2ER 0.384  0.025 0.379  0.036 0.401  0.022 .350 .01
VO2index (mL  min–1  m–2) 197.8  48.9 208.6  51.4 221.3  12.6 .280 .02
DO2index (mL  min–1  m–2) 357  85.2 381  77.7 423  111.3 .164 .01
24 hour O2ER 0.371  0.031 0.369  0.042 0.396  0.025 .807 .001
VO2index (mL  min–1  m–2) 193.5  42.3 202.3  44.7 219.2  27.3 .323 .01
DO2index (mL  min–1  m–2) 358  43.8 362  55.4 411  104.5 .404 .01
*NOI versus no NOI.
†NOI versus OI.
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hour 24, P  .2). In both cases, VO2 remained elevated
throughout the different timepoints of the study. Remark-
ably, O2ER was significantly more elevated in patients who
needed bowel resections than in those who did not: O2ER
(resection versus nonresection) hour 1, 0.41 0.03 versus
0.38 0.02; P .002; hour 6, 0.43 0.04 versus 0.36
0.02; P .001; hour 12, 0.42 0.01 versus 0.38 0.03;
P .05; hour 24, 0.42 0.02 versus 0.35 0.03; P .01.
DISCUSSION
Identification of predisposing factors. In aortic dis-
section, the acute onset of visceral artery malperfusion
represents the foremost important cause of intestinal isch-
emia.1 This is clearly confirmed by the results of our mul-
tivariable analysis (Appendix 1, online only) that attribute
to acute mechanical flow obstruction a preponderant role
in the genesis of this condition. On the other hand, the
same models also show that the absence of chronic intesti-
nal ischemia is a relevant risk factor, thus indicating that an
increased tolerance to acute ischemia develops in patients
with chronic intestinal vascular disease, possibly secondary
to either slow development of collaterals (increases isch-
emia tolerance) or a preconditioned state caused by chronic
stenosis (rendering the intestine more tolerant to acute
occlusion).
With regard to the determinants of NOI in patients
with aortic dissection, this study, according to the results of
logistic regression analysis, confirms its multifactorial13 or-
igin and identifies some relevant clinical factors associated
with the development of the condition (Appendix 2, online
only). Although there is uncertainty about the pathophys-
iology of the intestinal damage, some of the factors found
to be independent predictors of NOI (Appendix 2, online
only), such as prolonged hypotension, low cardiac output,
or inotropic support, are related to the long list of proposed
theories of the pathogenesis of NOI.13
Whereas other factors, such as aortic calcinosis, throm-
bosis of the false lumen, renal insufficiency, and cerebral
ischemia, could be implicated, the possible mechanisms
remain speculative. Given that these same factors appear to
be specific of NOI in aortic dissection, they deserve dedi-
cated studies and further experience before any pathophys-
iologic supposition can be drawn.
Remarkably, no relationship was found between NOI
and any of the intraoperative factors, such as duration of
cardiopulmonary bypass, perfusion temperatures, and use
of deep hypothermia and circulatory arrest and its duration.
Also, the operation per se does not represent an indepen-
dent predictor of the condition.
Oxygen metabolism. A significant statistical differ-
ence in O2ER between complicated (NOI) and uncompli-
cated (without NOI) operated groups was shown at hour 6
from ICU admission (P  .0001; Table VI). Also, an
O2ER of more than 0.4 was found to represent an inde-
pendent predictor for NOI with an OR of 9.06 (Table V).
Similarly, in patients with occlusive ischemia, O2ER was
found to be elevated at all the timepoints and, in particular,
in patients who underwent bowel resection and who had a
critical value of O2ER more than 0.4. Therefore, O2ER of
more than 0.4 at postoperative hour 6 can be regarded as a
marker of intestinal ischemia, and its presence in operated
patients with acute aortic dissection should alert one to the
development of intestinal complications in both NOI and
OI groups.
Our observations match the findings of Polonen et al.10
This group showed that O2ER at 6 hours after arrival at the
ICU is an independent predictor of prolonged ICU stay
after cardiac surgery operations and indicates that meta-
bolic responses in the early postoperative period are critical
for the subsequent clinical course.
The separate analyses of the relationships between
DO2 and VO2 at hour 6 from ICU admission in NOI
patients and in patients without NOI indicate a strong
dependency of VO2 from DO2 in patients with NOI only
(Fig). This reveals a situation where the increased postop-
erative oxygen demand is not compensated by an adequate
parallel increase of DO2, mainly because of the poor circu-
latory reserve of these patients. As a consequence, VO2
becomes supply dependent and declines; cellular metabo-
Fig 1. A, Relationship between VO2 index and DO2 index in
patients with NOI at postoperative hour 6. In these patients, in
response to augmented metabolic demand, VO2 fails to increase
because of reduced supply (dependency of VO2 from DO2),
which produces inadequate tissue oxygenation, impaired cellular
metabolism, and cell death. B, Relationship between VO2 index
and DO2 index in patients without NOI at postoperative hour 6.
No dependency of VO2 from DO2 is observed.
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lism is then impaired, and acidosis and cell death may
eventually develop.14,15 The severity of the preoperative
conditions of patients with aortic dissection undoubtedly
contributes to the degree of splanchnic hypoperfusion,
explaining in part the high prevalence of intestinal compli-
cations observed in this series.
The analysis results of the relationships between DO2,
VO2, and O2ER in patients with occlusive ischemia indi-
cate an increased oxygen demand for a longer time. The
response is an augmented O2ER and an increase of DO2.
The better circulatory conditions of these patients make
possible an increase of DO2 levels, avoiding dependency of
VO2 from DO2. Moreover, we found that, in the occlusive
group, VO2 remained elevated also when a successful
reperfusion was obtained, which suggests the persistence of
an impaired microcirculation, despite the optimal revascu-
larization (confirmed with postoperative angiography).
This is indirectly supported by the fact that in seven of 15
patients of this group, despite a complete vascular recovery
after central repair, we had to proceed to bowel resections.
Diagnosis. The high mortality rate of patients with
NOI reflects the difficulties of diagnosis and treatment. The
reassuring absence of an intimal flap associated with malp-
erfusion can avert attention from the abdominal pathology.
Furthermore, the lack of early pertinent physical findings,
the difficulties of communication, and the unreliability of
physical examination in heavily sedated and mechanically
ventilated patients explain, in part, the difficulty in making
the diagnosis and the reasons for the diagnostic delay.
Often these patients are hemodynamically unstable, mak-
ing transport for special diagnostic testing (CT scan and
angiography) complex. Bedside imaging studies were all
unrevealing, at least in early phases, and laboratory findings
were neither sensitive nor specific of acute mesenteric isch-
emia and usually were altered, as in most patients after
uncomplicated cardiopulmonary bypass operations.
Bedside peritoneal lavage, which is a minimally invasive
procedure, provided sufficient diagnostic accuracy because
positive evidence was obtained in all nine patients who had
it done. However, by the time the lavage was performed
and dialysate analyzed, frank gangrene, rather than isch-
emia of the intestine, had supervened in six of nine patients.
In three patients, dialysate analysis enabled a diagnosis
before frank peritonitis developed, allowing successful dis-
charge. This finding suggests that the indications to per-
form peritoneal lavage should be broadened to all sus-
pected cases.
CONCLUSION
This study indicated that: 1, NOI in aortic dissection
presents some unique clinical predisposing factors, differ-
ent from those seen in other surgical or medical patients; 2,
prognosis is poor, especially when mesenteric gangrene has
already taken place; 3, exact diagnostic methods were not
found for early recognition of these patients; 4, only an
increased level of awareness and the identification of pa-
tients at high risk may result in earlier interventions; 5,
oxygen metabolism disturbances, and in particular, an
O2ER of more than 0.4 at 6 hours after operation, may be
regarded as an index of intestinal damage sufficient to
initiate an evaluation for visceral ischemia; 6, in the suspi-
cion of NOI, we recommend immediate peritoneal lavage
diagnosis, and in the presence of positive results, imaging
studies should not delay explorative laparatomy; and 7, in
occlusive cases, a persisting elevated O2ER, despite an
adequate anatomic reperfusion, should alert one about the
presence of residual ischemia (explorative laparatomy is
strongly suggested in these cases).
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DEFINITIONS
Prolonged hypotension. In operated patients, sys-
tolic blood pressure less than 80 mm Hg on induction,
before bypass, after bypass, or within first 24 hours from
operation, for duration of 30 minutes or more, or mean
arterial pressure less than 40 mm Hg on bypass for 15
minutes or more. In medically treated patients, systolic
blood pressure less than 80 mm Hg for duration of 30
minutes within 48 hours from acute dissection.
Aortic calcinosis. Presence of two or more calcified
plaques of aortic wall (thoracic and upper abdominal aorta)
affecting more than 40% of aortic circumference or pres-
ence of diffuse calcifications extending in one or more
aortic segments as shown with CT scan. In patients not
undergoing CT scan, presence of visible calcifications of
aorta at plain chest film substraction angiography and in-
traoperative finding of gross calcified plaques or diffuse
calcifications of aortic wall.
Appendix 1, online only. Influence of risk factors on development of mesenteric ischemia in overall population and in
operated patients: univariate analysis
All patients Operated patients
Acute intestinal ischemia Acute intestinal ischemia
Yes (n 5 73) No (n 5 298) P value Yes (n 5 28) No (n 5 228) P value
Risk factor
Age (y) 63 6 12 61 6 13 .3 62 6 12 59 6 12 .08
Stanford type A (type B) 44 (60.3%) 180 (60.4%) .5 44 (84.6%) 180 (88.2%) .4
Gender: male (female) 42 (57.5%) 186 (62.4%) 0. 30 (57.7%) 131 (64.2%) .4
Smoking: Y (N) 35 (47.9%) 140 (47.0%) .8 25 (48.1%) 79 (38.7%) .2
COPD: Y (N) 45 (61.6%) 126 (42.3%) .04 33 (63.5%) 95 (46.6%) .02
Hypertension: Y (N) 65 (89.0%) 272 (91.3%) .5 47 (90.4%) 185 (90.7%) .5
Chronic intestinal ischemia: N (Y) 7 (9.6%) 56 (18.8%) .04 5 (9.6%) 40 (19.6%) .05
Acute visceral arteries dissection: Y (N) 30 (41.1%) 12 (4.0%) ,.0001 19 (36.5%) 8 (3.9%) ,.0001
Diabetes: Y (N) 19 (26.0%) 61 (20.5%) .3 14 (26.9%) 38 (18.6%) .1
Peripheral vascular disease: Y (N) 23 (31.5%) 99 (33.2%) .8 19 (36.5%) 77 (37.7%) .9
Aortic calcinosis: Y (N) 32 (25.2%) 75 (43.8%) .002 28 (53.8%) 51 (25.0%) ,.0001
Abdominal aortic aneurysm: Y (N) 5 (8.4%) 25 (6.8%) .8 5 (9.6%) 25 (12.3%) .8
Thrombosis false lumen: Y (N) 31 (42.5%) 67 (22.5%) .001 19 (36.5%) 46 (22.5%) .03
Chronic renal insufficiency: Y (N) 25 (34.2%) 82 (37.5%) .2 18 (34.6%) 62 (30.4%) .6
Chronic dialysis: Y (N) 6 (8.2%) 23 (7.7%) .8 6 (11.5%) 17 (8.3%) .4
Digoxin therapy: Y (N) 5 (6.8%) 19 (6.4%) .8 3 (5.8%) 14 (6.9%) .9
Angina/CAD: Y (N) 24 (29.8%) 86 (32.9%) .5 18 (34.6%) 67 (32.8%) .8
Atrial fibrillation: Y (N) 5 (6.8%) 19 (6.4%) .8 3 (7.4%) 15 (5.8%) .7
Prolonged hypotension: Y (N)† 48 (65.8%) 104 (34.9%) ,.0001 39 (75.0%) 90 (44.1%) ,.0001
Cardiac tamponade: Y (N)† 38 (52.1%) 66 (22.1%) ,.0001 38 (73.1%) 66 (32.4%) ,.0001
Oligoanuria: Y (N)† 53 (72.6%) 97 (32.6%) ,.0001 42 (80.8%) 79 (38.7%) ,.0001
CPR: Y (N)† 18 (24.7%) 21 (7.0%) ,.0001 18 (34.6%) 20 (9.8%) ,.0001
Cerebral ischemia: Y (N)† 27 (37.0%) 60 (20.1%) .002 23 (44.2%) 51 (25.0%) .006
Coagulation disorders: Y (N)† 34 (46.6%) 46 (15.4%) .0001 32 (61.5%) 44 (21.6%) ,.0001
Inotropic support: Y (N)† 37 (50.7%) 114 (38.3%) .03 37 (71.2%) 114 (55.9%) .05
Central repair: Y (N) 52 (71.2%) 204 (68.5%) .6 – –
Femoral cannulation: Y (N) 39 (53.4%) 158 (53.0%) .9 39 (75.0%) 158 (77.5%) .7
CPB: Y (N) 52 (71.2%) 204 (68.5%) .6 – –
DHCA: Y (N) 30 (41.1%) 153 (51.3%) .1 30 (57.7%) 153 (75.0%) .01
CPB time (min) – – – 149 6 46 166 6 39 .02
Maximal rectal temperature during CPB (°C)‡ – – – 27.3 6 6.8 26.9 6 8.5 .8
Minimal rectal temperature during CPB (°C)‡ – – – 23.5 6 4.9 24.2 6 4.6 .8
DHCA time (min) – – – 18 6 11 20 6 13 .6
Maximal rectal temperature during DHCA (°C) – – – 21.7 6 4.6 22.1 6 3.9 .6
Minimal rectal temperature during DHCA (°C) – – – 18.9 6 4.4 19.0 6 5.0 .7
Bleeding: Y (N)† 28 (38.4%) 69 (23.2%) .001 28 (%) 69 (%) .01
Low cardiac output: Y (N)† 20 (27.4%) 66 (22.1%) .3 15 (%) 50 (%) .5
Maximal postoperative O2ER – – – 0.37 6 0.05 0.33 6 0.05 ,.0001
Multiple logistic regression models for development of mesenteric ischemia in overall population and in operated
patients
Logistic regression model Factor Odds ratio 95% CI
Overall population
Acute visceral arteries dissection: Y (N)§ 32.0 12.1-84.2
Coagulation disorders: Y (N)§ 4.9 2.3-10.4
Thrombosis false lumen: Y (N) 4.6 2.2-9.8
Prolonged hypotension: Y (N)§ 3.2 1.5-6.6
Aortic calcinosis: Y (N) 2.9 1.4-6.1
Cerebral ischemia: Y (N)§ 2.7 1.3-5.7
Chronic intestinal ischemia: N (Y) 2.5 1.2-5.2
Operated patients
Acute visceral arteries dissection: Y (N)§ 34.0 9.0-128.3
Coagulation disorders: Y (N)§ 6.6 2.5-17.3
Maximal oxygen extraction rate .0.4: Y (N) 6.0 1.9-18.7
Aortic calcinosis: Y (N) 5.7 2.1-15.2
Cardiac tamponade: Y (N)§ 4.6 1.6-12.8
Thrombosis false lumen: Y (N)§ 3.1 1.1-8.5
Cerebral ischemia: Y (N)§ 2.9 1.1-7.6
Chronic intestinal ischemia: N (Y) 2.6 1.8-8.1
†For continuous variables, mean 6 SD.
‡Patients who underwent DHCA repair excluded.
§Complications occurred within onset of acute dissection and first 24 hours from operation (operated patients) or, in medically treated patients, during first 48
hours from acute dissection.
Y, Yes; N, no: COPD, chronic obstructive pulmonary disease; CAD, coronary artery disease; CPR, cardiopulmonary resuscitation; CPB, cardiopulmonary
bypass; DHCA, deep hypothermia and circulatory arrest.
Appendix 2, online only. Influence of risk factors on development of nonocclusive mesenteric ischemia in overall
population and in operated patients: univariate analysis
All patients
P value
Operated patients
P value
NOI NOI
Yes (n 5 36) No (n 5 335) Yes (n 5 28) No (n 5 228)
Risk factor
Age (y) 61.3 6 11.5 62.0 6 13 .7 60.1 6 11.5 59.6 6 13.0 .8
Stanford type A (type B) 24 (66.7%) 200 (59.7%) .4 24 (85.7%) 200 (87.7%) .7
Gender: male (female) 18 (50%) 210 (62.7%) .1 14 (50.0%) 147 (64.5%) .1
Smoking: Y (N) 16 (44.4%) 159 (47.5%) .8 13 (46.4%) 91 (39.9%) .5
COPD: Y (N) 27 (75.0%) 144 (43.0%) ,.001 22 (78.6%) 106 (46.5%) .002
Hypertension: Y (N) 33 (91.7%) 304 (90.7%) 1 27 (96.4%) 205 (89.9%) .4
Chronic intestinal ischemia: N (Y) 0 63 (18.8%) .002 0 45 (19.7%) .006
Diabetes: Y (N) 10 (27.8%) 112 (33.4%) .5 9 (32.1%) 43 (18.9%) .1
Peripheral vascular disease: Y (N) 24 (50.0%) 44 (29.5%) .01 9 (32.1%) 87 (38.2%) .6
Aortic calcinosis: Y (N) 16 (44.4%) 91 (27.2%) .03 15 (53.6%) 64 (28.1%) .009
Abdominal aortic aneurysm: Y (N) 0 30 (9.0%) .09 0 30 (13.2%) .05
Thrombosis false lumen: Y (N) 18 (50.0%) 80 (23.9%) .001 12 (42.9%) 53 (23.2%) .03
Chronic renal insufficiency: Y (N) 17 (47.2%) 90 (26.9%) .01 13 (46.4%) 67 (29.4%) .08
Chronic dialysis: Y (N) 6 (16.7%) 23 (6.9%) .03 6 (21.4%) 17 (7.5%) .02
Digoxin therapy: Y (N) 3 (8.3%) 21 (6.3%) .7 2 (7.1%) 15 (6.6%) 1
Angina/CAD: Y (N) 14 (38.9%) 96 (28.7%) .2 11 (39.3%) 74 (32.5%) .5
Atrial fibrillation: Y (N) 3 (8.3%) 21 (6.3%) .7 2 (7.1%) 16 (7.0%) 1
Prolonged hypotension: Y (N)† 26 (72.2%) 126 (37.6%) ,.001 21 (75.0%) 108 (47.4%) .008
Cardiac tamponade: Y (N)† 20 (55.6%) 84 (25.1%) ,.001 20 (71.4%) 84 (36.8%) .001
Oligoanuria: Y (N)† 22 (61.1%) 128 (38.2%) .008 21 (75.0%) 100 (43.9%) .002
CPR: Y (N)† 7 (19.4%) 32 (9.6%) .08 7 (25.0%) 31 (13.6%) .1
Cerebral ischemia: Y (N)† 20 (55.6%) 67 (20.0%) ,.001 17 (60.7%) 57 (25.0%) ,.001
Coagulation disorders: Y (N)† 22 (61.1%) 58 (17.3%) ,.001 22 (78.6%) 54 (23.7%) ,.001
Inotropic support: Y (N)† 24 (66.7%) 127 (37.9%) .001 24 (85.7%) 127 (55.7%) .002
Central repair: Y (N) 28 (77.8%) 228 (68.1%) .2 – – –
Femoral cannulation: Y (N) 177 (52.8%) 20 (55.6%) .8 20 (71.4%) 177 (77.6%) .4
CPB: Y (N) 28 (77.8%) 228 (68.1%) .2 28 (100%) 228 (100%) –
DHCA: Y (N) 15 (41.7%) 169 (50.4%) .3 14 (50.0%) 169 (74.1%) .01
CPB time (minutes) – – – 140 6 51 165 6 39 .03
Maximal rectal temperature during CPB (°C)‡ – – – 26.8 6 7.2 27.4 6 8.5 .8
Minimal rectal temperature during CPB (°C)‡ – – – 23.8 6 5.2 24.6 6 4.9 .6
DHCA time (°C) – – – 30.8 6 11.2 31.4 6 12.5 .8
Maximal rectal temperature during DHCA (°C) – – – 21.6 6 4.81 22.1 6 4.22 .6
Minimal rectal temperature during DHCA (°C) – – – 19.5 6 4.1 19.1 6 5.2 .7
Bleeding: Y (N)† 15 (41.7%) 82 (24.5%) .2 15 (53.6%) 82 (36.0%) .09
Low cardiac output: Y (N)† 15 (41.7%) 71 (21.2%) .006 11 (39.3%) 54 (23.7%) .1
Maximal postoperative O2ER – – – 0.40 6 0.03 0.33 6 0.05 ,.001
Multiple logistic regression models for development of nonocclusive mesenteric ischemia in overall population and in
operated patients
Logistic regression model Factor Odds ratio 95% CI
Overall population
Cerebral ischemia: Y (N)§ 6.4 2.54-16.4
Coagulation disorders: Y (N)§ 5.8 2.3-14.2
Thrombosis false lumen: Y (N) 5.6 2.1-14.6
COPD: Y (N) 4.2 1.5-11.6
Aortic calcinosis: Y (N) 2.8 1.09-7.2
Prolonged hypotension: Y (N)§ 2.7 1.1-7.1
Low cardiac output: Y (N)§ 2.6 1.1-6.8
Chronic renal insufficiency: Y (N) 2.6 1.08-6.6
Operated patients
Coagulation disorders: Y (N)§ 13.9 3.9-49.1
Maximal oxygen extraction rate .0.4: Y (N) 9.1 5.5-31.6
Cerebral ischemia: Y (N)§ 7.1 2.0-24.6
COPD: Y (N) 6.1 1.7-9.1
Thrombosis false lumen: Y (N) 4.8 2.4-6.3
Inotropic support: Y (N)§ 4.6 1.09-5.1
Aortic calcinosis: Y (N) 3.8 1.7-9.9
Chronic renal insufficiency: Y (N) 3.1 1.9-7.8
†For continuous variables, mean 6 SD.
‡Patients who underwent DHCA repair excluded.
§Complications occurred within onset of acute dissection and first 24 hours from operation (operated patients) or, in medically treated patients, during first 48
hours from acute dissection.
Y, Yes; N, no; COPD, chronic obstructive pulmonary disease; CAD, coronary artery disease; CPR, cardiopulmonary resuscitation; CPB, cardiopulmonary
bypass; DHCA, deep hypothermia and circulatory arrest.
